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Abstract
To investigate the use of neuroimaging in children and adolescents with minor brain injury in pediatric and non-pediatric departments.
In this observational cohort study data were extracted from a large German statutory health insurance (AOK Plus Dresden ∼3.1
million clients) in a 7-year period (2010–2016). All patients with International Classiﬁcation of Diseases (ICD) code S06.0 (concussion;
minor brain injury; commotio cerebri) aged  18 years were included. Demographic and clinical data were analyzed by logistic
regression analysis for associations with the use of CT and MRI (independent variables: gender, age, length of stay, pediatric vs non-
pediatric department, university vs non-university hospital).
A total of 14,805 children with minor brain injuries (mean age 6.0±5.6; 45.5% females) were included. Treatment was provided by
different medical departments: Pediatrics (N=8717; 59%), Pediatric Surgery (N=3582, 24%), General Surgery (N=2197, 15%),
Orthopedic Trauma Surgery (N=309, 2.1%). Patients admitted to pediatric departments (Pediatrics and Pediatric Surgery)
underwent head CT-imaging signiﬁcantly less frequently (3.8%) compared to patients treated in non-pediatric departments (18.5%;
P< .001; General Surgery: 15.6%; Orthopedic Trauma Surgery: 39.2%). Logistic regression conﬁrmed a signiﬁcantly higher odds
ratio (OR) for the use of cranial CT by the non-pediatric departments (OR: 3.2 [95-%-CI: 2.72–3.76]).
CT was signiﬁcantly less frequently used in pediatric departments. Educational efforts and quality improvement initiatives on
physicians, especially in non-pediatric departments may be an effective approach to decreasing rates of CT after minor traumatic
brain injuries.
Abbreviations: AOK = Allgemeine Ortskrankenkasse, CNS = central nervous system, CT = computed tomography, GPS =
Good Practice Secondary Data Analysis, ICD = International Classiﬁcation of Diseases, ICD-10-GM = International Classiﬁcation of
Diseases in its 10th version, German Modiﬁcation, ICPM = International Classiﬁcation of Procedures in Medicine, IRB = institutional
review board, MRI = Magnetic Resonance Imaging, OPS = Operationen- und Prozedurenschlüssel (ICPM, German Modiﬁcation),
OR = odds ratio, SAS = statistical analysis system.
Keywords: CT-imaging, neuroimaging, non-pediatric departments, pediatric departments, pediatric minor brain injury1. Introduction
For children and adolescents an incidence of 185 per 100,000 for
minor traumatic brain injuries is reported.[1,2] A cranial
computed tomography (CT) scan is still the imaging modalityEditor: Johannes Mayr.
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1of choice to identify intracranial brain injuries and skull
fractures.[3–5] Correspondingly, 5% to 70% of blunt head
trauma is evaluated by CT.[4] However, the potential long-term
consequences of radiation exposure in children and the increasedniversity within the program of Open Access Publishing.
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modality.[6,7] Therefore, in this observational cohort study, we
analyzed the use of neuroimaging in children and adolescents
withminor traumatic brain injuries in pediatric and non-pediatric
departments in Germany.2. Methods
The study was approved by the local institutional review board
(IRB 00001750). Data were extracted from a large German
statutory health insurance fund AOK Plus – Die Gesundheit-
skasse für Sachsen und Thüringen (3.1 million clients) in a 7-year
period (2010–2016). Previous studies have demonstrated that
claims data are an appropriate source of evidence regarding
pediatric health services research.[8–10] Diagnosis and procedures
were made based on the German modiﬁcation of International
Classiﬁcation of Diseases in its 10th version (ICD-10-GM) and
on the International Classiﬁcation of Procedures in Medicine
(ICPM). Participating researchers conﬁrmed standards of data
protection according to the Good Practice Secondary Data
Analysis (GPS).[11] The study protocol was established in
accordance to the ethical guidelines of the 1975 Declaration of
Helsinki. All patients with ICD-10-GM code S06.0 (concussion;
minor brain injury; commotio cerebri) aged  18 years who had
been continuous members of the AOK Plus for at least one year
after their index diagnosis were included. The ICD-10-GM code
S06.0 deﬁnes a minor traumatic head injury with a temporary
loss of brain function. Concussion may cause a variety of
physical, cognitive, and emotional symptoms (loss of conscious-
ness, memory loss, nausea, headache, difﬁculty with concentra-
tion, balance, mood), which may not be recognized if subtle.
According to the ICPM the study population was further divided
into 4 subgroups: “Native Computed Tomography (CT)” of the
head (OPS code 3–200), ”Native Magnetic Resonance Imaging
(MRI)” of the head (OPS code 3–800), “CT and MRI” and “no
neuroimaging”. Patient characteristics such as age, gender, type
of department (pediatrics, pediatric surgery, general surgery,
orthopedic trauma surgery, neurosurgery and neurology), type of
hospital (university hospital/non-university hospital), neuroim-
aging modality (CT, MRI, CT or MRI, CT&MRI), length of
hospital stay, and traumatic non-CNS comorbidity were
evaluated.
Data were analyzed using descriptive statistics as well as
multivariate regression methods. Chi-Squared tests were used to
investigate the relationship between two categorical variables and
Wilcoxon Rank–Sum–Test for continuous variables. Reported
coefﬁcients from the logistic regression models are Odds Ratios.
Demographic and clinical data were processed by logistic
regression analysis of the use of neuroimaging deﬁned as CT
or MRI (independent variables: age, gender, length of hospital
stay, pediatric vs non-pediatric department, university vs non-
university hospital). Furthermore, we checked for multicolli-
nearity by tolerance and variance inﬂation factor and ﬁt of the
model by Hosmer and Lemeshow goodness-of-ﬁt test. Statistical
analysis was performed using SAS version 9.4 and SAS Enterprise
Guide 6.1.3. Results
A total of 14,805 children with minor traumatic brain injuries
(meanage6.0±5.6;45.5%females)were included.Treatmentwas
provided by different medical departments: Pediatrics (N=8717;258.8%), Pediatric Surgery (N=3582; 24.2%), General Surgery
(N=2197; 14.8%),Orthopedic Trauma Surgery (N=309; 2.1%),
Neurosurgery (N=11; <1%) and Neurology (N=4; <1%). The
mean length of stay of all patients was 1.95±1.02 days; 1907
(12.9%) individuals were treated at a university hospital. Due to
very low patient numbers, children admitted to Neurosurgery or
Neurologywere excluded from further analysis for reasons of data
protection and lack of statistical power.
Patients admitted to pediatric departments (Pediatrics and
Pediatric Surgery) underwent neuroimaging (CT or MRI)
signiﬁcantly less frequently (5.6%) compared to patients treated
in non-pediatric departments (20.4%; P< .001) (Table 1). The
rate of cranial CT was 3.8% in pediatric departments (Pediatrics:
3.8%, Pediatric Surgery: 3.6%) versus 18.5% in non-pediatric
departments (General Surgery: 15.6%; Orthopedic Trauma
Surgery: 39.2%; Table 1). Logistic regression conﬁrmed a
signiﬁcantly higher odds ratio (OR) for the use of neuroimaging
(CT or MRI) by the non-pediatric departments (OR: 2.3 [95%-
CI: 2.01–2.71]; Table 2). The estimated odds ratio for use of
cranial CT only was even higher (OR: 3.2 [95%-CI: 2.72–3.76];
Table 3). The likelihood that a pediatric patient with minor
traumatic brain injury underwent evaluation by a CT scan
increased 3.2-fold if the child was treated in non-pediatric
departments. Other factors associated with the use of neuroim-
aging included age, male gender, length of hospital stay,
admission to a university hospital (vs a non-university hospital),
traumatic non-CNS comorbidity (Tables 2 and 3). Analysis of
different age groups showed that the chance for the use of cranial
CT increased 14-fold for patients aged 6 to 11 years and 29-fold
in children older than 11 years (Table 3).
In contrast, the examination of the data concerning MRI as
imaging modality showed no signiﬁcant difference between
pediatric (2.1%) and non-pediatric departments (2.4%; P= .33)
(Table 1, Supplement 1, http://links.lww.com/MD/D86). The
logistic regression revealed a lesser likelihood for the use of MRI
in pediatric departments. However, these results seem not be
reliable because the Hosmer and Lemeshow goodness-of-ﬁt test
was signiﬁcant (P= .02) indicating an inadequate model
speciﬁcation (data not shown).4. Discussion
In this observational cohort study, we set out to evaluate the
usage of neuroimaging in children and adolescents with minor
traumatic brain injury (concussion) in pediatric and non-
pediatric departments. We used the database of a large German
statutory health insurance fund AOK Plus – Die Gesundheit-
skasse für Sachsen und Thüringen (3.1 million clients) in a 7-year
period (2010–2016). Therefore, we were able to analyze a
representative number of patients.
A cranial CT scan is still the imaging modality of choice to
identify traumatic brain injuries and skull fractures in children
and adults.[3–5] However, there is controversy regarding the use
of neuroimaging for pediatric head injuries. Only 10% of CT
scans show ﬁndings related to traumatic brain injury and less
than 1% of children with minor head trauma and a CT scan
require neurosurgical intervention.[12]
Considering the potential long-term consequences of radiation
exposure during childhood the use of a cranial CT scan in the
diagnostic workup of children with minor head injuries is of
special concern. In our study there was a great variation in the
rate of neuroimaging among different medical disciplines ranging
Table 1
Patient characteristics.
All
departments
Pediatric
Departments
Non-Pediatric
Departments P† Pediatrics
Pediatric
surgery
General
surgery
Orthopedic
trauma surgery P‡
Total patients [n (%)] 14805 12299 (83.1) 2506 (16.9) 8717 (58.8) 3582 (24.2) 2197 (14.8) 309 (2.1)
Sex
Female [n (%)] 6738 (45.5) 5711 (46.4) 1027 (41.0) <.0001 4105 (47.1) 1606 (44.8) 886 (40.3) 141 (45.6) <.0001
Male [n (%)] 8067 (54.5) 6588 (53.6) 1479 (59.0) 4612 (52.9) 1976 (55.2) 1311 (59.7) 168 (54.4)
Mean age (years) 6.0±5.6 4.9±4.9 11.3±6.0 <.0001 4.8±4.9 5.1±4.7 10.8±6.0 14.6±4.8 <.0001
Age [year]
< 1 [n (%)] 2235 (15.1) 2165 (17.6) 70 (2.8) <.0001 1673 (19.2) 492 (13.7) 67 (3.1) 3 (1.0) <.0001
1 to 5 [n (%)] 6366 (43.0) 5822 (47.3) 544 (21.7) <.0001 4052 (46.5) 1770 (49.4) 516 (23.5) 28 (9.1) <.0001
6 to 11 [n (%)] 2992 (20.2) 2546 (20.7) 446 (17.8) .0010 1755 (20.1) 791 (22.1) 421 (19.2) 25 (8.1) <.0001
12 to 18 [n (%)] 3212 (21.7) 1766 (14.4) 1446 (57.7) <.0001 1237 (14.2) 529 (14.8) 1193 (54.3) 253 (81.9) <.0001
Type of hospital
University hospital [n (%)] 1907 (12.9) 1890 (15.4) 17 (0.7) <.0001 64 (0.7) 1826 (51.0) 2 (0.1) 15 (4.9) <.0001
Non-University hospital [n (%)] 12898 (87.1) 10409 (84.6) 2489 (99.3) 8653 (99.3) 1756 (49.0) 2195 (99.9) 294 (95.2)
Neuroimaging
CT [n (%)] 926 (6.3) 463 (3.8) 463 (18.5) <.0001 333 (3.8) 130 (3.6) 342 (15.6) 121 (39.2) <.0001
MRI [n (%)] 311 (2.1) 252 (2.1) 59 (2.4) .3312 193 (2.2) 59 (1.7) 41 (1.9) 18 (5.8) <.0001
CT or MRI [n (%)] 1206 (8.2) 694 (5.6) 512 (20.4) <.0001 509 (5.8) 185 (5.2) 378 (17.2) 134 (43.4) <.0001
CT & MRI [n (%)] 31 (0.2) 21 (0.2) 10 (0.4) .0227 17 (0.2) 4 (0.1) 5 (0.2) 5 (1.6) <.0001
13599 (91.8) 11605 (94.4) 11194 (79.6) <.0001 8209 (94.2) 3397 (94.8) 1819 (82.8) 175 (56.6) <.0001
Length of hospital stay [days] 1.95±1.02 1.96±1.04 1.88±0.94 <.0001 1.94±0.74 2.01±1.54 1.86±0.90 2.01±1.16 <.0001
traumatic non-CNS comorbiditiy
(ICD-10-GM:S00-T14)
∗
5917 (40.0) 4529 (36.8) 1388 (55.4) <.0001 3371 (38.7) 1158 (32.3) 1189 (54.1) 199 (64.4) <.0001
Characteristics of 14,805 patients with ICD-10-GM code S06.0 (concussion; minor brain injury; commotio cerebri) aged  18 years. CT=computed tomography, ICD-10-GM= International Classiﬁcation of
Diseases in its 10th version, German Modiﬁcation, MRI=magnetic resonance imaging.
† Pediatric Departments vs Non-Pediatric Departments.
‡ comparison between the different departments.
∗
aggregation of ICD-10-GM S00-T14, injury of external causes.
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of CT is well in line with data from earlier studies.[3–5,13,14] In a
large prospective cohort study with more than 42,000 children,
Kuppermann et al reported that 35.3% of pediatric patients with
minor head injury obtained a CT scan. They identiﬁed a large
group of children in whom CT could have been avoided.
Moreover, they developed and validated an age-speciﬁc algo-Table 2
Estimated odds ratios for use of neuroimaging vs no use of
neuroimaging.
OR 95%-CI P
Age (reference: <1)
1 to 5 years [n (%)] 3.81 2.33–6.24 <.00001
6 to 11 years [n (%)] 10.47 6.41–17.09 <.00001
12 to 18 years [n (%)] 21.86 13.43–35.55 <.00001
Male gender 1.19 1.05–1.36 0,0080
Length of hospital stay 1.84 1.72–1.96 <.00001
Non-pediatric departments
(General Surgery, Orthopedic
Trauma Surgery)
2.34 2.01–2.71 <.00001
Admission to university hospital 1.36 1.10–1.68 0,0040
Traumatic non-CNS comorbidity
(ICD-10-GM:S00-T14)
∗
1.19 1.05–1.36 0,0080
CI= conﬁdence interval, ICD-10-GM= International Classiﬁcation of Diseases in its 10th version,
German Modiﬁcation, OR= odds ratios.
∗
aggregation of ICD-10-GM S00-T14, injury of external causes; Hosmer–Lemeshow test statistic:
0.35.
3rithm to predict relevant intracranial injury for guiding
physicians to efﬁciently use cranial CT scans.[15] However,
evidence-based decision instruments are not consistently applied
by physicians in their daily practice.[16–19] It remains unknown
how these guidelines inﬂuence practice patterns and whether
they can reduce CT scans in children and adolescents with minor
head injury.[3] Correspondingly, Lenstra et al demonstrated aTable 3
Estimated odds ratios for use of CT vs no CT.
OR 95%-CI P
Age (reference: <1)
1 to 5 years [n (%)] 6.41 3.14–13.10 <.00001
6 to 11 years [n (%)] 13.56 6.64–27.70 <.00001
12 to 18 years [n (%)] 29.39 14.46–59.74 <.00001
Male gender 1.38 1.20–1.60 <.00001
Length of hospital stay 1.58 1.47–1.69 <.00001
Non-pediatric departments
(General Surgery, Orthopedic
Trauma Surgery)
3.20 2.72–3.76 <.00001
Admission to university hospital 1.51 1.19–1.92 .0008
Traumatic non-CNS comorbidity
(ICD-10-GM:S00-T14)
∗
1.33 1.14–1.54 .0002
CI=conﬁdence interval, ICD-10-GM= International Classiﬁcation of Diseases in its 10th version,
German Modiﬁcation, OR=odds ratios.
∗
aggregation of ICD-10-GM S00-T14, injury of external causes; Hosmer–Lemeshow test statistic:
0.61.
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trauma despite the implementation of a guideline for CT-
assessment based on certain risk factors.[20] Treatment in a
pediatric department (Pediatrics and Pediatric Surgery) was
associated with a signiﬁcantly lower frequency of CT compared
to patients treated in non-pediatric departments (Table 1). This
ﬁnding is similar to other studies.[3–5,12,21,22] We hypothesize that
physicians with Pediatric or Pediatric Surgical training have
clinical skills and experience that enable them to manage children
with minor head injuries without neuroimaging. Additionally,
they may have a sharpened awareness of the potential long-term
consequences of radiation exposure in children, which is
associated with an increased risk of cancer mortality.[6,7]
Moreover, pediatric departments usually collaborate with
pediatric radiologists who ensure that radiation is limited to a
minimum. Although there is no upper dose limit at the individual
level, in individual cases as much radiation can be used as
necessary for diagnostics. However, there are diagnostic
reference levels (DRLs) which serve as orientation and should
not be exceeded in the majority of cases. At the European level,
DRLs have been deﬁned and published in the “European
Guidelines on Diagnostic Reference Levels for Paediatric
Imaging.”[23] Even if these DRLs are complied with, there is a
relevant additional radiation exposure. Therefore, the replace-
ment of CT examinations by radiation free MRI examinations
should be the focus of radiation protection.
Our analysis of data concerning MRI as alternative imaging
modality showed a lesser likelihood for the use of MRI in
pediatric departments compared to non-pediatric departments.
However, due to statistical reasons we could not further analyze
or verify this ﬁnding.
Other factors associated with the use of neuroimaging included
age, male gender, length of hospital stay, admission to a
university hospital (vs a non-university hospital), and traumatic
non-CNS comorbidity.
Associations between head imaging and patient age in children
up to 18 years of age have been demonstrated before.[5] It is
unclear why neuroimaging is obtained more frequent with
increasing age, especially in teenagers. Mannix et al speculated
that the mechanisms of injury in this age group might be more
concerning.[3] Moreover, the possibility to perform neuroimag-
ing in teenagers without sedation may contribute to this ﬁnding.
It has been shown repeatedly that boys sustain more frequent
and more severe injuries than girls.[24,25] Explanations for these
gender differences take account of parental socialization,
cognitive appraisals of injury risk and individual differences in
child behavior patterns.[24] These factors in combination with
more concerning mechanisms of injury may lead to a lower
threshold for CT assessment in the diagnostic evaluation of blunt
head trauma in boys.
In our study, concomitant traumatic non-CNS injuries were
associated with the use of neuroimaging. One explanation for this
ﬁnding may be that patients who present with additional
traumatic non-CNS injuries are more likely to be triaged as more
severely injured resulting in a higher use rate of CT and MRI in
general, which may include neuroimaging. This might also be a
possible explanation for the association with lengthened hospital
stay which may be prolonged due to traumatic non-CNS injuries.
Logistic regression conﬁrmed that admission to a university
hospital (vs a non-university hospital) was associated with the use
of cranial CT imaging. Marin et al demonstrated that designated
trauma centers are more likely to perform cranial CT imaging for4pediatric head trauma.[16] They assumed that this reﬂects the
consistent and protocolized approach of these centers to the care
of injured patients. University hospitals (in Germany) are
designated trauma centers with highly standardized and proto-
colized procedures in the ED. With respect to Marin et al this
might be one cause for the association between hospital type
(university hospital vs a non-university hospital) and CT rate.
We are aware of several limitations of our study. Patient data
included demographics, diagnosis and procedure codes. The
accuracy of coding may have been affected by hospital coding
practices. Therefore, it may be possible that the results were
inﬂuenced by misclassiﬁcation of the imaging outcomes. In
addition, claims data are primarily collected for accounting
purposes. This results in missing information for some variables,
e.g., the severity of the disease. Accordingly, there was no
information of the initial or subsequent state of consciousness
(Glasgow Coma Scale) and the decision to use neuroimaging
could not be entirely reconstructed. Finally, local standards,
technical and personnel resources and the setting in which the
primary evaluation took place may have been important
confounders inﬂuencing the variability of neuroimaging rates.
5. Conclusion
In this study we demonstrated substantial variation in the use of
neuroimaging for managing children and adolescents with minor
traumatic head trauma in Germany. CT was signiﬁcantly less
frequently used in pediatric departments. Educational efforts and
quality improvement initiatives on physicians, especially in non-
pediatric departments may be an effective approach to decrease
the rate of CT scans ordered to evaluate minor pediatric head
trauma.
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